Microorganisms that adhere to surfaces in order to protect themselves from many adverse environmental conditions form a layer called biofilm. Biofilms protect bacteria from changing environmental conditions such as starvation, antibiotics, disinfectants, pH and temperature fluctuation, dryness and UV rays. In this study, biofilms were formed on surfaces of glass coupons in a cooling tower model system over a period of 180 days. The biofilms were treated with various stress factors monthly. These stress factors were: exposure to temperatures of 4°C and 60°C, pH of 3, 5, and 11, 3 M aqueous NaCl and distilled water, as well as, monochloramine at 2, 500, and 1 000 mg/L (ppm). Following the treatment with stress factors, both the numbers of actively respiring bacteria and the total bacteria in the biofilms were determined by CTC-DAPI staining. The aerobic heterotrophic plate counts (HPC) in the biofilms were determined by the conventional culture method of spread plating on R2A agar. The aim of this study was to determine the impact of these stressors on the model coolingtower biofilms. Of the stressors tested, those that had the greatest impact were a temperature of 60°C, pH of 3, 3 M NaCl, and monochloramine at both 500 and 1 000 mg/L. However, when using a non-culture-based viability assay (CTC-DAPI staining), an extremely high number of live bacteria were detected even after applying the most effective stress factors (with the exception of pH 3) of 60°C, 3 M NaCl, monochloramine at 500 and 1 000 mg/L. Results showed that biofilm protects the bacteria from extreme physical and chemical stress conditions. Additionally, the conventional culture technique cannot detect the presence of bacteria that have entered the viable but non-culturable (VBNC) phase; the use of different techniques, such as microscopy and cytometry (flow and solid-phase), is therefore important to obtain more accurate results.
INTRODUCTION
Biofilms are microbial communities attached to either an inert or a living surface within a polymeric matrix. This matrix includes extracellular polymeric substrate (EPS) made up of polysaccharides, protein, lipids, nucleic acids and various heteropolymers that are secreted by the microorganisms into their environment (Costerton et al., 1999; Kim et al., 2012; Allison et al., 2003) . Water makes up more than 97% of this biofilm matrix. While 5% of the matrix is composed of cells, 1-2% of the matrix is formed from EPS (Allison et al., 2003) .
Biofilms may be present in any niche that supports life, and develop at the interfaces of solid-liquid, solid-air and liquid-air environments (Beveridge et al., 1997; Flemming, 2002) . Biofilms can be found in a variety of habitats, including terrestrial and aquatic environments, living tissues (plant, animals, humans) and built environments such as filters, porous materials, water tanks, piping systems, ship hulls, heat exchangers, etc. (Flemming et al., 2000) . Biofilms occurring in industrial fields can cause problems such as decrease in heat exchange capacity, loss of efficiency, increase in fluid frictional resistance, corrosion of equipment and decrease of water quality (Tanji et al., 2007; Gilbert et al., 2003; Wood et al., 1996) . Public health institutions have documented that biofilms in water distribution systems contain primary and opportunistic bacteria, viruses, protozoa and fungi. The most important of these opportunistic bacteria are Pseudomonas aeruginosa, Legionella pneumophila and Mycobacterium avium complex (Mains, 2008) .
Living in the biofilm form provides many advantages to bacteria. The matrix may be considered one of the most important elements of biofilm. In addition to ensuring the adhesion of microorganisms, it can provide resistance against multiple stress conditions such as water or food scarcity, biocides and other antimicrobial agents. This structure enables the adhesive base and the protective barrier to also protect embedded cells from breakage by the flow of water (Tsuneda et al., 2003; Kives et al., 2006) . Further, the matrix retards the movement of small molecules through and out of the biofilm, thus creating a perfect environment for metabolic changes (Kierek-Pearson and Karatan, 2005) . Another advantage of the matrix is concentrating nutrients, an important part of the overall strategy for microbial survival under oligotrophic conditions (Beveridge et al., 1997; Decho, 1990; Decho, 2000) .
Cooling towers are well-known reservoirs of biofilm. The main function of a cooling tower is to transfer heat from circulating water to the atmosphere through evaporation (Liu et al., 2009 ). These systems have large water reservoirs where the temperature is maintained between 25°C and 35°C and thereby offer a conducive environment for microbial growth and spread (Breiman, 1996; Liu et al., 2009 ). Immediately after the water enters the system, organic molecules adhere to the surfaces creating a conditioning layer that enables bacterial attachment by neutralizing the surface charge. In the initial phase, pioneer bacteria attach to the surface by electrostatic interactions and physical strength and then daughter cells produce EPS, which leads to the development of biofilm. Finally, a mature biofilm is formed (Tanji et al., 2007) . Moreover, the majority of the biomass found in cooling towers is due to the formation of biofilm attached to the cooling tower surfaces (Critcheley and Bentham, 2007) . Aerosols, which are produced in cooling towers during the 309 removal of heat, provide transport to microorganisms. Therefore, cooling towers have been responsible for some outbreaks such as legionellosis originating from Legionella (Nygard et al., 2008) . For this reason, elimination of the biofilm layer that occurs in the cooling tower system is an important issue for public health. Determining the effective method of biofilm removal will help to prevent health problems that may originate from cooling towers.
Bacteria in industrial processes or in natural environments are exposed to a variety of abiotic stresses. Cells develop mechanisms to protect themselves from potential harm when they detect adverse environmental conditions or stressors (Jan et al., 2000) . Planktonic and biofilm bacteria, by inducing stress response genes, become more tolerant phenotypes to environmental stresses such as changes in food quality, cell density, temperature, pH and osmolarity (Novick, 2003) . This stress adaptation involves a form of complex regulation of gene expression and studies have shown that stress-activated genes in prokaryotes are well-protected (Segal and Ron, 1998; Jan et al. 2000) . Mechanisms developed by bacteria to cope with stress conditions, like biofilm formation, prevent effective elimination. Moreover, assessments based solely on conventional culture methods can give misleading results since they cannot detect bacteria that have entered a VBNC phase.
The aim of this study was to determine the stress factors that most affect bacteria in biofilm form, and thus contribute by identifying treatments that may provide successful results in the elimination of biofilm that develops in cooling tower systems. In addition, we sought to determine the most appropriate technique for the detection of bacterial viability.
MATERIALS AND METHODS

Circulation system setup
This study was conducted with a system described by Turetgen (2004) . Their results showed that this closed-loop water circulation system reflected the actual cooling tower with respect to biofilm formation on surfaces. A water circulation system where the temperature was fixed at 32°C was used in the experiment. For biofilm growth surfaces, 2 mm-thick 18 cm 2 (9x2) sterilized microscope slides were used. Prior to installation in the system, the glass coupons were washed with detergent and rinsed with distilled water. The coupons were then dipped in 70% ethanol (Turetgen and Cotuk, 2005) and flame-sterilized. Following sterilization, the glass coupons were placed in the circulation system with coupon carrier equipment made from plexiglass. Plexiglass carrier equipment was sterilized in a biosafety cabinet under 254 nm UV radiation for 24 h (Sanli-Yurudu, 2009 ). Then the system was filled with 100 L of tap water and circulated under non-turbulent shear stress (Reynolds number: 2000) (Fig. 1) . During a 6-month period, sampling was conducted monthly.
Bacteriological analysis and application of stress factors
Monthly, 22 coupons were removed from the system, two of which were to serve as control coupons. Duplicates of the remaining 20 coupons were exposed to various stress factors: temperatures of 4°C and 60°C; pH of 3, 5, 11; 3 M aqueous NaCl and distilled water, and monochloramine at 2, 500, and 1 000 mg/L. Numbers of live bacteria, total bacteria and HPC on the coupon surfaces were determined. The amount of carbohydrate on the surfaces was analysed monthly, as were the values of pH, dissolved oxygen and total dissolved solids in the bulk water.
For bacteriological analysis, 2 coupons for each experiment were exposed to the described stress factors for 24 h, except 60°C heat (2 h) ( Table 1 ). The coupons were placed in sterile glass containers having a volume of 90 mL. pH solutions, distilled water, NaCl and monochloramine solutions were prepared as described below and were placed in sterile containers before adding the coupons. These tests were performed at room temperature. For heat (60°C) and cold (4°C) temperature stress experiments, bulk water was transferred from the water circulation system to glass containers. Coupons were added and the containers were placed into a heating bath at 60°C and a refrigerator at 4°C. At the end of the treatment periods, biofilm samples on the coupon surfaces were collected using sterile swabs, placed into polypropylene bags containing 20 mL of sterile phosphate buffer (PBS) and homogenized with a masticator (IUL Instruments 200 strike/min, IUL SA, Barcelona, Spain) for 90 s. The buffer suspensions were serially diluted in PBS (1:100 series). For HPC, 100 µL were then spread plate in triplicate on R2A agar (Oxoid, CM0906) and incubated at 27°C for 10 days. 
Preparation of experimental solutions
Bulk water from the water circulation system was used for experiments evaluating temperatures as stressors. Distilled water for pH treatments was adjusted to 3, 5 and 11 using KOH and HCl. Monochloramine stock solution (1 000 mg/L) was prepared with 1 g of ammonium chloride, 0.832 g of sodium carbonate, 8 mL of 6% sodium hypochlorite (commercial bleach) and 200 mL distilled water. Distilled water was used to dilute the stock solution to 2 and 500 mg/L monochloramine solutions. Treated coupons were placed into 0.5% sodium thiosulphate for 20 min after exposure to monochloramine solutions to neutralize residual disinfectant activity (SanliYurudu, 2009 ).
Epifluorescence microscopy analysis
Epifluorescence microscopy (NIKON 80i, Japon) was used to observe biofilms. The numbers of actively respiring bacteria and total bacteria were determined for each treatment by taking a 900 µL aliquot from 20 mL of biofilm suspension and adding 100 µL CTC (5-cyano-2,3-ditolyl tetrazolium chloride) dye (Sigma-Aldrich, 94498), stirring, then incubating at 28°C for 4 h (Rodriguez et al. 1992) . Following the incubation period, 110 µL DAPI (4',6-diamino-2-phenylindole) dye (ThermoFisher Scientific, D1306) was added to the mixture and incubated at 28°C for 1 h. DAPI binds to DNA and allows all bacteria in the suspension to be visible as blue colour when exposed to fluorescent light (Saby et al., 1997) . CTC is colourless in oxidized form and only becomes fluorescent after the reduction by actively respiring bacteria through the electron transport system (Rodriguez et al., 1992; Schaule et al., 1993) . In this way, the live bacteria can be distinguished red in colour. After incubation, to stop the reaction and to ensure homogenisation of the sample, 3 mL bidistilled sterile water was added to the mixture. The sample was filtered through a black polycarbonate filter of 0.2 µm diameter (Merck Millipore, Isopore Membrane Filters) (Araya et al., 2002) . The air-dried filter was placed on a microscope slide and observed with a 100 × oil immersion objective (Rodriguez et al., 1992) . Images were taken from 10 different areas and the average number of bacteria on the surface was calculated (Turetgen, 2008) .
where: N = number of microorganisms per milliliter S = filtration area n = average number of microorganisms in the studied area C = microscopic area V = filtered sample volume D = dilution rate of sample
Carbohydrate analysis
Extracellular polymeric substances in the biofilm were measured colorimetrically according to the phenol-sulphuric acid methods described by Dubois and others (1956) . Three sucrose standards of 0, 10 and 100 µg/mL were used with each experiment; the results were given as µg/(carbohydrate·cm 2 ) of biofilms on the coupon surfaces. Data represent the means of three measurements.
Dissolved oxygen measurement
During the experiment, the amount of dissolved oxygen in the water was measured monthly with an oximeter (WTW -Oxi 330; Gemini BV Laboratory, Apeldoorn, NL).
Total dissolved solids measurement
During the experiment, the amount of total dissolved solids (TDS) in the water was measured monthly with a conductometer device (WTW LF 95 Conductivity Meter; Gemini BV Laboratory, Apeldoorn, NL).
Statistical analysis
For each parameter over the 180-day duration of the experiment, the difference between the average number of bacteria in experimental and control groups, in terms of the months and groups, was compared by two-way analysis of variance. A followup post-hoc (multiple comparisons) analysis was performed in order to determine which monthly averages were significantly different. Any month which differed significantly was examined using the least significant difference (LSD). The difference was considered significant when p < 0.05. Furthermore, in terms of the parameters, differentiation of the average number of bacteria was analysed by one-way analysis of variance. A post-hoc analysis was performed in order to determine which average of parameter was significantly different. Parameters that differed significantly from each other were examined with LSD. Analyses were performed using SPSS Version 10.0. The above-mentioned analyses were performed separately for results obtained from conventional culture method and epifluorescence microscopy.
RESULTS AND DISCUSSION
During a study period of 180 days, carbohydrate analysis showed that biofilm thickness increased until Day 120 and decreased thereafter. Consistent with the results of carbohydrate analyses, HPC on R2A plates increased for the first 120 days except Day 60, and subsequently HPC decreased until the last day. The results obtained using live/dead fluorescent microscopy showed consistent results with both the HPC and carbohydrate analyses, in that the number of live bacteria decreased on Day 180 (Fig. 2) . 
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Dissolved oxygen in the biofilm reactor was measured every 30 days. A continuous, controlled feed of water was maintained in the network and no significant changes to TDS or pH were observed throughout the 180-day study period (Table 2) .
Heat and cold treatment
The results of conventional culture indicated that treatment with 60°C resulted in a decrease in the HPC towards Day 90. After Day 90, an increasing trend was observed. At the end of the study, being exposed to 60°C caused an approximately 1 log reduction in HPC and the number of live cells when compared to the control samples (Figs 3-4) .
Significant consequences of reprogramming gene expression and protein synthesis of biofilm cells are EPS biosynthesis and matrix production (Landini, 2009 ). Under normal conditions, cells have their own signal regulation system to control genes involved in cellular defence mechanisms and to respond to environmental stress (Kennelly and Potts, 1996) . Under normal circumstances, sigma factor σ 70 is responsible for the transcription of diverse gene promotors; in stress conditions, the alternative sigma factors, small proteins bound to the RNA polymerase, are induced. σ s (rpoS) is the principal regulator of the general stress response factors in Escherichia coli and other enteric bacteria (Adnan et al., 2010) . Studies show that the presence of biofilm as well as biofilm maturity is effective resistance to heat treatment. For example, in a study performed with Panton-Valentine leukocidin-positive community-acquired methicillin-susceptible Staphylococcus aureus, as a result of the temperature treatment with 50°C, 60°C and 70°C for 60 min, increased resistance was observed in parallel with increasing biofilm age. For 50°C and 60°C treatments, 5-day biofilms were more resistant than 2-day biofilms and for 70°C treatment, reproduction was detected in 9-day biofilms for the first time (Al-Azemi et al., 2011) .
As a result of the heat treatment in the current study, HPC reduction was observed up to 90 days and increased until the end of the experiment (Fig. 3) . It is thought that this result was due to the resistance provided by the presence of biofilm and biofilm maturity.
Protein denaturation and folding are two important types of cell detriment caused by high temperatures. All organisms respond to a rapid increase in temperature by inducing the synthesis of a particular group of polypeptides. These are called heat shock proteins. Heat shock proteins include chaperones such as GroES, GroEL, DnaK, DnaJ, ClpB, ClpA, ClpX, small heat shock proteins (HSPs) and protease. While chaperones provide the correct folding of proteins, which become denatured, proteases degrade the proteins, which are damaged irreversibly Munchbach et al. 1999) . As a result of increases in temperature, induction of the expression of heat shock proteins has been detected in many bacteria including P. aeruginosa and E. coli (Ali et al., 2009; Rasouly and Ron, 2009) . In a study conducted on the heat shock protein of S. aureus, where bacteria were incubated at 42°C for 30 min, heat Over the course of this 180-day experiment, an approximately 1 log reduction was observed in both the number of live bacteria and HPC when compared to the control samples. These results showed that 60°C temperature application effectively reduced cell numbers in the biofilm but did not completely eliminate them (Figs 3-4) .
Being exposed to 4°C did not cause a considerable change in the number of live bacteria nor HPC. Under such low temperature conditions, the induction of certain proteins, called cold shock proteins (CSPs), occurs. These proteins are small, highly preserved and structurally related to the nucleic acid binding proteins that play significant roles in the regulation of diverse physiological processes. CSPs bind to DNA or RNA and control replication, transcription and translation processes in the bacterial cell (Ermolenko et al., 2002) . These proteins are found in many prokaryotes such as Listeria monocytogenes, Bacillus subtilis and E. coli. In one study about this issue, 4°C cold shock was applied to L. monocytogenes for 2 h. When compared to 37°C, up to 23-fold, 4.5-fold and 7.4-fold increases were detected in the transcription of cspA, cspB and cspD (cold shock genes), respectively (Schmid et al., 2009) . In another study, as a result of S. aureus incubation at 10°C for 30 min, it was found that the mRNA titer of 46 genes increased and the transcription of the cold shock gene (cspB) increased 9.3-fold (Anderson et al., 2006) . A similar study about E. coli showed that the adhesion genes are important for biofilm formation. When the environmental temperature dropped to 23°C, an increase occurred in the expression of some genes responsible for biofilm development (White-Ziegler et al., 2008) .
In our study, after applying a 4°C treatment, no decline in either the HPC or the number of live bacteria was observed when compared to the control samples. It was thought that, as in similar results obtained in the studies mentioned above, this was caused by an increase in the expression of cold shock proteins and presence of EPS. Overall results obtained for temperature treatments showed that heat treatment (60°C) was more effective than cold treatment (4°C) in reducing biofilm bacteria (Figs 3-4) .
pH treatment
Being exposed to pH 3 resulted in a decrease in HPC towards Day 120. Despite the increase on Day 150, no HPC were detected on Day 180. Similarly, no live cells were observed on Day 180 (Figs 5-6 ). These results indicated that acid treatment was significantly effective (p < 0.05) against biofilm bacteria.
A study carried out with one of the most important biofilm organisms of the mouth, Streptococcus mutans, showed that the bacteria cope with low pH conditions depending on the activity of F-ATPase (H + -translocating ATPase) that has bound to the cell membrane. This enzyme can export protons outside the cells and produce ATP for growth and persistence under special conditions (Lemos and Burne, 2008) . Results of a similar study with S. mutans showed that the expression of molecular chaperones, proteases and DNA repair enzymes were upregulated at low pH (Len et al., 2004) . In these ways, bacteria were protected from lethal effects of acid. Another study conducted on lactic acid bacteria that were treated with 8%, 10% and 11% acetic acid for 30 min demonstrated that biofilm bacteria were more resistant than planktonic bacteria. These data can be explained by three resistance mechanisms: The cell membrane becomes more resistant, extracellular polymeric secretions provide protection, and the three-dimensional structure protects the cells that are inside the biofilm. The results showed that cell adhesion and biofilm structure play important roles in stress resistance (Kubota et al., 2008) .
A different study examined the effect of different pH values on the quorum sensing autoinducer-2 signalling molecules in Streptococcus intermedius. It was found that low pH did not affect the quorum sensing signal molecules in biofilm formation; the microorganisms continued to communicate and biofilm formation was not blocked. At pH 5.7, biofilm production was approximately 2-3 times higher than at pH 7.5 (Ahmed et al., 2008) . Under some acidic conditions, bacteria can undergo an acid tolerance response (ATR). These changes comprise of synthesis of the stress responsive protein, increasing the glycolytic activity and translocation of protons with ATPase that regulates the intracellular pH. A study in which three different strains of S. mutans in 3 h biofilm were incubated in pH 3 for 2 h found that all three strains were more resistant when compared to the planktonic cells (Welin-Neilands and Svensater, 2007) . In another study about this issue, it was showed that the change in cellular protein profiles in acid tolerance in mature biofilm cells was 41.5%, while that in newly established biofilm cells was 5.1%. These data indicate that under acidic shock conditions, changes in protein profile continue during the development of biofilms (Welin et al., 2003) . During the first 150 days of our study, HPC and live bacteria were detected, but not at the end of the 180-day period. It was thought that this lack of viable bacteria was due to a decrease in bacterial resistance. This decreased resistance occurred due to the increasing age of the biofilm of more than 150 days.
With respect to the results of treatment with pH 11, HPC showed a decreasing trend to Day 150, whereas the number of live cells was comparable to control counts. On Day 150, no cells were recovered by either method. Cell counts were observed, however, on Day 180 (Figs 5-6 ).
Low pH can cause damage to the pH gradient balance of cell membranes and this leads to the accumulation of volatile fatty acid anions in the cell (Russell and Wilson, 1996) . In addition, bacterial DNA is damaged at low pH (Coter and Hill, 2003) . When the pH value drops to 3-5, polysaccharide and protein concentrations decrease quickly. At low pH, bacteria are inactivated and thus polysaccharide and protein concentrations decrease. However, polysaccharide and protein concentrations at high pH are more moderate than at low pH. A study conducted on P. aeruginosa biofilm showed that alkaline resistance was higher than acid resistance (Zhou et al., 2014) . In a study performed with S. aureus, treatments at pH 9 and 10 were less efficacious against 2-day-old biofilm bacteria than their planktonic counterparts. At least a two-log difference was observed at pH 10 between the numbers of live cells in 2 day-biofilms and the planktonic cells. Additionally, an increase in resistance was found in direct proportion to the increase in biofilm age (Al-Azemi et al., 2011) . Sodium proton pumps take 2 H + ions for each Na + ion exported. These pumps play an important role in ensuring adaptation of the cell in the ., 2001) . The results of a proteomics study, where two-dimensional gel electrophoresis was used, demonstrated that high pH promotes the production of metabolic enzymes of amino acid metabolism such as tryptophan deaminase. These enzymes in E. coli convert the surrounding environment from alkaline to acidic by producing acidic products from amino acids (Blankenhorn et al., 1999; Stancik et al., 2002) .
In the alkaline pH treatments, in spite of fluctuations during the first 150 days, the number of live cells and HPC increased towards the 180 th day. It was thought that this increase in cell number was due to the physical resistance provided by the EPS and a mechanism that can maintain the internal equilibrium of the cell. Overall results of the pH treatments demonstrate that the acid treatment (pH 3) was more effective than the alkaline treatment (pH 11) against biofilm bacteria (Figs 5-6 ).
For the pH 5 treatment, HPC and the number of live cells obtained were similar to the control experiments. In general, HPC and live cell numbers were higher at this pH than for other pH applications (Figs 5-6 ).
NaCl solution and distilled water treatment
After exposure to NaCl solution, HPC decreased towards Day 180, as for the distilled water treatment. At the end of the experimental period, an almost 2.5 log reduction was observed in HPC after treatment with NaCl solution when compared to the control sample. Interestingly, the number of live cells did not show a major reduction in either treatments .
Many bacteria develop complex mechanisms to survive in hyperosmotic stress. Increasing intracellular K + concentration by a potassium pump and the accumulation of suitable solutes are two common strategies used to cope with osmotic stress. These suitable solutes are called osmo-protectants and the most effective one is glycine betain (Kempf and Bremer, 1998; Bremer and Kramer, 2000) . In a study on S. mutans using real-time PCR, salt stress induced some genes (opuAA) that produced compounds related to transporters of compatible solutes, which are responsible for resistance to osmotic stress (Abranches et al., 2006 ). An increase in the biofilm structure was observed in parallel with the increase in applied salt concentration, from 0.5% to 7.0% at 22.5°C and 30°C, in a similar study conducted on L. monocytogenes biofilm. The study also showed that after treatment with salt, cells were induced to produce more extracellular matrix substrate (Pan et al., 2010) . A different study performed with the halotolerant bacteria Rhodopseudomonas acidophilus showed that the amount of total EPS increased simultaneously with rising salt concentration (Sheng and Yu, 2006) . The EPS layer protects bacteria by holding water around the cells and plays a role as an essential component in preventing water loss (Ortega-Morales et al., 2001) .
The results of a similar study on P. aeruginosa showed that osmotic shock changed the biofilm structure but did not completely inhibit it. It was estimated that, despite the high salinity, biofilm growth continued slowly. During osmotic shock application, cells from the exponential phase responded with better resistance to high salinity (Bazire et al., 2007) . Another study investigated the response of L. pneumophila to salt stress. Survival of L. pneumophila increased with treatments ranging from 0.1-0.5% NaCl. L. pneumophila survived in concentrations above 3% NaCl at temperatures between 4°C and 20°C. Based on the results, it was concluded that sodium plays a role in metabolic transport and as an important cofactor for enzymes (Heller et al., 1998) .
In our study, after the application of NaCl, HPC decreased consistently after the 120 th day, but the number of live bacteria were similar to the control samples throughout the experiment (Figs 7-8) . These results suggest that the biofilm bacteria were resistant against osmotic shock. Another conclusion to be drawn from this data is that studies which are conducted with only conventional culture methods may give false results, because bacteria can enter a VBNC (viable but not culturable) phase when they are exposed to some environmental stresses, such as limitations in available nutrients, temperature, pH, salinity and sunlight (Besnard et al., 2002) . Bacteria which enter VBNC phase do not grow on routine culture media but are still alive and their metabolic activities continue at a low level (Oliver, 2005) . Studies show that many bacteria can enter a VBNC phase, such as Vibrio cholerae, Mycobacterium tuberculosis, Campylobacter jejuni, Helicobacter pylori, Vibrio vulnificus, E. coli, and especially L. pneumophila and P. aeruginosa in biofilms (Sardeassai, 2005; Türetgen, 2008; Moritz et al., 2010) . Sardeassai (2005) showed that 200-5 000 times more bacteria were obtained by microscopic techniques when compared to the culture method. Researchers recommend that a test procedure should be based on culture, photo-analysis and metabolic indicators such as CTC-DAPI (Bredholt et al., 1999) . 
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Monochloramine treatment
After being exposed to 500 mg/L and 1 000 mg/L monochloramine, no HPC were detected throughout the course of this study. HPC after exposure to 2 mg/L monochloramine was not effective, although no HPC were recovered at the final sampling events. With regards to the results of epifluorescence microscopy, a significant number of live bacteria were detected in all monochloramine treatments (Figs 9-10).
Monochloramine is a disinfectant that has been used in drinking water disinfection since 1916. Monochloramine is more stable than chlorine, which means it can remain in a system long-term and, as a residual disinfectant, can reach long distances in distribution lines. In addition, it enters into the biofilm easier than free chlorine, thereby demonstrating greater efficacy in the fight against biofilm (Koll et al., 1999) . It has been shown that many types of bacteria can increase EPS to cope with oxidative stress (Helbling and VanBriesen, 2007) . A study with P. aeruginosa in biofilm emerged reporting that the alginate-based EPS blocked the interaction of the reactive sides of cell membranes with monochloramine. The progress of monochloramine into the EPS was also slower. From this point, it was considered that EPS played an effective role in monochloramine disinfection by preventing access to the cell (Xue et al., 2013) . A different study about biofilm and disinfection revealed that EPS in biofilm increased the bacterial viability against bactericidal activity provided with nitrogendoped TiO 2 and ZrO 2 (Liu et al., 2007) .
It was determined that when Legionella is in amoeba-rich biofilm, monochloramine is more effective than free chlorine over long distribution systems (Moore et al., 2006) . On the other hand, according to the results of a different study, 99% of Legionella were eliminated with monochloramine application but a very low number of live, resistant bacteria remained after the application and they were able to rapidly recolonize (Jakubek et al., 2013) .
In our study, the number of live bacteria was similar to control values after different doses of monochloramine treatment (Fig. 10) . It is believed that these similar values were due to the protective effect provided by EPS. By limiting diffusion of monochloramine into the biofilms, any remaining viable bacteria can continue to reproduce. What was also seen after monochloramine applications, as shown with the osmotic shock treatments, was 
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that the number of live bacteria was considerably higher than the HPC. These results indicate that monochloramine treatment causes bacteria to enter a VBNC phase.
CONCLUSION
Microorganisms which are found in water entering systems, such as cooling towers, colonize surfaces and form biofilms, which can decrease equipment efficiency and harbour potential pathogens, among other concerns. These biofilms protect themselves against environmental conditions, making them challenging to remove. This study investigated the efficacy of various parameters against biofilms grown in a model system. The results demonstrated that the most influential parameters on the aerobic heterotrophic bacteria are 60°C, pH 3, 3 M NaCl, 500 and 1 000 mg/L monochloramine, but epifluorescence microscopy results revealed the presence of live microorganisms in biofilm even under these extreme treatments, except at pH 3. Additionally, these results revealed that using only conventional culture methods can give misleading results due to the bacteria entering a VBNC phase. Using different temperature, pH, and osmotic concentration, and different doses of disinfectants to cope with microorganisms was not effective on biofilm bacteria. So, strategies to control the biofilm are still insufficient. Considering the problems in the health and industrial areas that are caused by biofilm, the development of successful control methods, while using the correct techniques to assess their efficacy, plays an important role in the fight against biofilms.
